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Abstract 

Magneto Rheological (MR) fluids are capable of altering their rheological 

characteristics like yield stress, viscosity etc. under the influence of applied 

magnetic field. In the “off” state condition, the MR fluids have the viscosity in 

the range of 0.1-1.0 Pa-s. Under the presence of magnetic field, their viscosity 

increases significantly within a few milliseconds resulting in the change of its 

microstructure from liquid to semi-solid phase. The objective of the present 

investigation is to develop an optimal combination of constituents of MR fluid 

which could give high on-state viscosity. For this, an experimental set-up has 

been developed and designed to magnetize the MR fluid and to determine its 

on-state viscosity. An L-18 orthogonal array with various input parameters 

(constituents) affecting the fluid characteristics is designed and used to 

optimize the on-state viscosity of the MR fluid. It is found that on-state 

viscosity of MR fluids mainly depends on the volume fraction of the iron 

particles and type of carrier fluid used in MR fluid formulation. The optimal 

combination of these input parameters for MR fluid are found to be as Mineral 

oil with a volume percentage of 67%, iron powder of 300 mesh size with a 

volume percentage of 32%, oleic acid with a volume percentage of 0.5% and 

tetra-methyl- ammonium-hydroxide with a volume percentage of 0.7%. This 

optimal combination of input parameters has given on-state viscosity of 

573.094 Pa-s. An experimental confirmation test on the optimized MR fluid 

sample has been then carried out and the response parameter thus obtained has 

found matching quite well (less than 1% error) with the numerically obtained 

values. This research will help the design engineers to fabricate an improved 

MR based devices mainly for automotive and other sectors. 
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1.0 INTRODUCTION 

MR fluids belong to a special class of materials known as smart materials. These 

materials find applications as effective sensors and actuators because of the way they 

respond to an external applied magnetic field. The magneto rheological response of 

the MR fluids result from the polarization induced in the suspended particles by the 

application of an external field. The interaction between the resulting induced dipoles 

causes the particles to form columnar structures, parallel to the applied field. These 

chain-like structures restrict the motion of the fluid, thereby increasing the viscous 

characteristics of the suspension. Roszkowski et al. [1] measured the viscosity of MR 

fluid at varying magnetic field. It was found that viscosity of MR fluids varies linearly 

with an applied magnetic field. Zhang et al. [2] investigated the effect of various 

additives on the properties of MR fluid. It has been found that the use of stearic acid 

improved the viscosity and sedimentation stability of MR fluid. Anh Dang et al. [3] 

used a pressure-driven apparatus to measure the yield stress of MR fluids as a 

function of the applied magnetic field, the carbonyl iron particle content and the 

amount of surfactant. Under the presence of magnetic fields up to 0.22 T, the MR 

fluids had given the yield stress up to 1.9 kPa. S. Elizabeth Premalatha et al. [4] has 

prepared MR fluids and analyzed their flow behavior in terms of its internal structure, 

stability and Magneto Rheological properties. Shetty and Prasad [5] made and 

analyzed MR fluid with a non-edible vegetable oil (such as Honge oil) used as a 

carrier liquid. These fluids exhibited a maximum viscosity of 334 Pa-s under 0.3816 T 

magnetic fields. Mangal and Kataria [6] prepared four different MR fluid samples 

using different weight percentage of iron particles, silicon oil and lithium grease. 

These samples were analyzed and tested for rheological characteristics under off-state 

condition. It was found that the viscosity of the MR fluid varied between 0.244-0.42 

Pa-s for all the fluid samples prepared. Mangal and Kumar [7] studied the rheological 

characteristics of MR fluids and concluded that the viscosity of the fluids can be 

changed significantly on the application of an external magnetic field. The yield 

strength of MR fluids can also be controlled with change in the magnitude of applied 

magnetic field. Mangal et al. [8] studied the effect of carrier fluid on the yield stress 

of MR fluids. It was found that yield stress of MR fluids became 1.05 times for the 

fluid having mineral oil in comparison to silicon oil used as carrier fluid. 

In the present investigation, MR fluid with high on-state viscosity characteristics is 

developed using in-house developed electromagnet experimental set up. For 

optimization of this parameter of the MR fluid an L-18 Orthogonal Array (OA) with 

various input parameters affecting the MR fluid formulation is designed. It is found 

that on-state viscosity characteristics of MR fluid are mainly contributed by the 

volume fraction of the iron particles and type of carrier fluid being used in MR fluid 

formulation. The research work reported in this paper will help the design engineer in 

preparation of MR fluid for a designated on-state viscosity. 
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2.0 DESIGN OF EXPERIMENTAL TEST SETUP AND DETERMINATION 

OF ON-STATE VISCOSITY  

In order to determine the on-state viscosity of MR fluid, an electromagnet has been 

design, developed and fabricated in the laboratory. It has 1800 turns of 18 SWG 

copper wires and is shown in Fig. 1. The electromagnet is capable of generating 

magnetic field up to 2.0 Tesla for an air gap of 18 mm. A cylindrical tube of 18 mm 

external diameter is filled with the prepared MR fluid sample up to a 60 mm length 

and is placed vertically. It is constricted between the poles of the electromagnet. A 

servomotor having a shaft of 65 mm diameter of length 70 mm is placed 

concentrically inside the cylindrical tube. The shaft rotates at a 10 rpm. Further, a 

D.C. current is supplied to the electromagnet up-to 6.0 Amp using D.C. regulated 

power supply which induces magnetic field inside the MR fluid sample. This on state 

activated MR fluid sample exerts a resisting torque on the shaft of the servo motor. 

The resisting torque is measured using the torque sensors of the servo motor. The 

value of resisting torque can be used to measure the on state viscosity of MR fluid. 
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Fig. 1 (a) Schematic Diagram of Test Setup; (b) Test Setup 

 

Figure 2 shows the servo motor shaft of rs radius rotating inside a tube of rt radius 

filled with MR fluid. The shaft is rotating slowly (at 10 rpm) or ω rad/s. Shear rate of 

the MR fluid is defined as 
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Integrating the above equation within limits rs to rt: 
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Substitution of the ω/y from Eq. (2) in Eq. (1) and to determine the shear rate of the 

fluid at rt radius, one can substitute r = rt. The resulting equation is given as:  
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(a)      (b) 

Fig. 2 Shaft of servomotor rotating in a MR fluid filled tube (a) Schematic diagram 

and (b) top view and velocity representation on small dr radius of MR fluid 

 

For the given dimensions of the shaft radius, tube inside radius and ω of the 

experimental setup, the shear rate can be given as  
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The coefficient of dynamic viscosity (η) can now be determined by dividing the yield 

stress (τy) to shear rate (  ) of the MR fluid. It can be given as:  
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Resisting torque (T) being generated by the MR fluid (contained in the tube of this 

experimental setup) on the shaft of servo motor can be given as: 

ssys rLrrFT )2(          (6) 

Where rs represent the radius of shaft of servo motor, L represents the length of shaft 

immersed in MR fluid and τy represents the yield shear stress of the MR fluid. Using 

above in Eq. (5), one can write coefficient of dynamic viscosity as: 
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The above equation is used to determine the coefficient of dynamic viscosity of the 

MR fluid in on-state condition. 
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3.0 COMPONENTS OF MR FLUID 

MR fluid mainly consists of magnetizable particle, carrier fluid and additives. The 

following material components are used for the formulation and synthesis of MR fluid 

in the laboratory: 

 Iron powder (mesh size varying from 300-500 mesh). 

 Carrier fluid (Silicon oil and mineral oil) for dispersion of the iron particles. 

 Additives (Tetra methyl ammonium hydroxide and oleic acid etc.) as anti 

sediments to reduce settling of particles. 

 

4.0 SYNTHESIS OF MR FLUID 

Based on the critical literature review, five parameter viz. type of carrier fluid, size of 

iron particles, iron particle (vol %), oleic acid (vol %) and tetra-methyl-ammonium-

hydroxide (vol %) needs consideration for the synthesis of MR fluid. Table 1 shows 

the values of various levels of these five parameters for MR fluid samples which is 

based on the literature review. The carrier fluid is taken as two levels parameter while 

others e.g. iron particle, volume of iron, oleic acid and tetra-methyl-ammonium-

hydroxide are taken as three levels parameters. These parameters are assigned under 

various columns in an L-18 Orthogonal Array (OA) design and are shown in Table 2. 

The MR fluids samples are prepared in-house by using a procedure as mentioned 

below: 

1. Firstly, the iron particles are mixed with the oleic acid using a stirrer at 400 

rpm for 30 minutes.  

2. The tetra-methyl-ammonium-hydroxide is poured next and again the mixture 

is stirred for next 30 minutes at 400 rpm. 

3. Finally the carrier liquid i.e. silicon/mineral oil is poured gradually in the 

mixture and it is continuously stirred for another one hour at 400 rpm. 

 

Table 1 Input parameter and their levels 

Parameter Parameter Name Levels  

1 2 3 

A Type of carrier fluid Mineral oil Silicon oil - 

B Size of Iron Particles Fe500 mesh Fe400 mesh Fe300 mesh 

C Iron Particle (vol %)  22 27 32 

D Oleic acid (vol %) 0.5 0.6 0.7 

E Tetra Methyl ammonium 

hydroxide (vol %) 

0.6 0.7 0.8 
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Table 2 L-18 Orthogonal Array matrix with input parameters and interactions 

assigned 

A B A×B C D E A×C A×E 

Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8 

1 1 1 1 1 1 1 1 

1 1 2 2 2 2 2 2 

1 1 3 3 3 3 3 3 

1 2 1 1 2 2 3 3 

1 2 2 2 3 3 1 1 

1 2 3 3 1 1 2 2 

1 3 1 2 1 3 2 3 

1 3 2 3 2 1 3 1 

1 3 3 1 3 2 1 2 

2 1 1 3 3 2 2 1 

2 1 2 1 1 3 3 2 

2 1 3 2 2 1 1 3 

2 2 1 2 3 1 3 2 

2 2 2 3 1 2 1 3 

2 2 3 1 2 3 2 1 

2 3 1 3 2 3 1 2 

2 3 2 1 3 1 2 3 

2 3 3 2 1 2 3 1 

 

In the present work, a combination of software i.e. Minitab software (version 17.1) 

and Design expert (version 10.0.2) are used to analyze and counter check the on-state 

viscosity characteristic as the response parameter of the developed MR fluid samples. 

As in this work, one input parameter is of two levels while other input parameters are 

at three levels so mixed design approach with L-18 orthogonal array is most suitable 

for studying the rheological characteristic response parameter of the MR fluid 

samples [9]. Using the L-18 OA as shown in the Table 2, the MR samples are 

prepared as discussed above. Experiments are conducted as discussed in section 3.0 

with on-state viscosity as the response parameter. The response parameter as obtained 

in the experiment is shown in Table 3.  
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Table 3 Response parameter for experimental L-18 Orthogonal Array 

Expt. Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5 Response S/N ratio 

A:Type of 

carrier fluid 

B:Size of Iron 

Particles 

C: Iron 

Particle  

(vol %)  

D: Oleic acid 

(vol %) 

E: Tetra Methyl 

ammonium 

hydroxide 

 (vol %) 

Viscosity  

(Pa-s) 

1 Mineral oil Fe 500 mesh 22 0.5 0.6 321.51 50.1439 

2 Mineral oil Fe 500 mesh 27 0.6 0.7 438.77 52.8447 

3 Mineral oil Fe 500 mesh 32 0.7 0.8 567.99 55.0868 

4 Mineral oil Fe 400 mesh 22 0.6 0.7 321.29 50.1379 

5 Mineral oil Fe 400 mesh 27 0.7 0.8 434.07 52.7512 

6 Mineral oil Fe 400 mesh 32 0.5 0.6 566.1 55.0579 

7 Mineral oil Fe 300 mesh 27 0.5 0.8 439.27 52.8546 

8 Mineral oil Fe 300 mesh 32 0.6 0.6 568.24 55.0906 

9 Mineral oil Fe 300 mesh 22 0.7 0.7 324.41 50.2219 

10 Silicon oil Fe 500 mesh 32 0.7 0.7 540.62 54.6578 

11 Silicon oil Fe 500 mesh 22 0.5 0.8 305.14 49.6900 

12 Silicon oil Fe 500 mesh 27 0.6 0.6 417.3 52.4090 

13 Silicon oil Fe 400 mesh 27 0.7 0.6 398.61 52.0110 

14 Silicon oil Fe 400 mesh 32 0.5 0.7 537.43 54.6064 

15 Silicon oil Fe 400 mesh 22 0.6 0.8 307.34 49.7524 

16 Silicon oil Fe 300 mesh 32 0.6 0.8 525 54.4032 

17 Silicon oil Fe 300 mesh 22 0.7 0.6 302.95 49.6274 

18 Silicon oil Fe 300 mesh 27 0.5 0.7 444.98 52.9668 

 

5.0 CALCULATION OF SIGNAL TO NOISE RATIO 

To calculate the signal to noise (S/N) ratio for on-state viscosity, the larger the better 

characterize is selected. The on-state viscosity of MR fluid must be high for its better 

effective uses of MR based devices e.g. dampers, brakes etc. For the larger the better 

characterize, the S/N ratio of the response parameter is calculated as follows:  
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Where n refers to number of experiments, yi is the observed value of dynamic 

viscosity for ith experiment. The S/N ratio value for on-state viscosity of the MR 

samples is tabulated and is shown in 8th column of Table 3 for each experimental run. 

Figures (3) & (4) show the main effects plot for S/N ratio and mean respectively. 

From these figures, it can be easily visualized that parameter A (Type of carrier fluid) 

and parameter C (Iron Particle (vol %)) are the most significant parameters. The 

combination of input parameters for the optimal value of on-state viscosity can be 

found by finding the highest value of that parameter among its level. The combination 

of input parameters for optimal response of the on-state viscosity based on the S/N 

ratio (Table (4)) is coinciding with the means (Table 5). The optimal combination of 

input parameter is given in Table 6 and is as A1B3C3D1E2. 



Optimization of on-State Viscostiy for MR Fluid Using Anova Approach 21 

 

Fig. 3 Main Effects plot for signal to noise 

 

 

Fig. 4 Main Effects plot for means 

 

Table 4 Response Table for S/N Ratios 

Level 
Parameters 

A B C D E 

1 52.69* 52.47 49.93 52.55* 52.39 

2 52.24 52.39 52.64 52.44 52.57* 

3   52.53* 54.82* 52.39 52.42 

                     * Significant level for input parameter 
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Table 5 Response Table for Means 

Level 
Parameters 

A B C D E 

1 442.4* 431.9 313.8 435.7* 429.1 

2 419.9 427.5 428.8 429.7 434.6* 

3   434.1* 550.9* 428.1 429.8 

              * Significant level for input parameter  

 

Table 6 Input parameters levels for prediction of optimal response from Signal to 

Noise ratio and means 

Parameter 

Name A: (Type 

of Carrier 

fluid) 

B: (Size of 

Iron 

Particles) 

C: Iron 

Particle 

(vol %)  

D: Oleic 

acid (vol 

%) 

E: Tetra 

Methyl 

ammonium 

hydroxide 

(vol %) 

Level Code 1 3 3 1 2 

Parameter 

Value 

Mineral 

oil 

Fe 300 

mesh 

32% 0.5 0.7 

 

 

6.0 ANOVA RESULT AND DISCUSSIONS 

ANOVA technique is used to determine the significance of model and input 

parameter’s contribution towards response characteristic. The ANOVA results for 

viscosity are shown in Table 7. The values of p less than 0.05 indicate the significant 

terms (input parameter) in the model. From the Table 7, it can be concluded that 

parameter C i.e. iron particle (vol %) is the most significant input parameter with the 

maximum contribution of 97.81%. The other significant input parameter is the 

parameter A, i.e. (type of carrier fluid) with p value less than 0.05 with a contribution 

of 1.32%. The p-values for the interaction term A (Type of oil) & B (Type of iron), A 

(Type of oil) & C (Iron Particle (vol %)) and A (Type of oil) and E (Tetra Methyl 

ammonium hydroxide (vol %)) are greater than 0.05. Thus, the interaction between 

these parameters is not significant one and one has to consider the effects of the 

individual parameters separately. Thus, the ANOVA table for yield stress considering 

the effects of input parameters only with exclusion of interactions is developed. It is 

shown in Table 8. Based on this ANOVA table and considering the main effects, the 

predicted value for each experimental run is calculated. The experimental and 

predicted values for each experimental run of L-18 orthogonal array are shown in 

Table 11. The predicted value must fall between the lower and upper limits at 95% 

confidence and 95% prediction intervals for each experimental run on the fluid 
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sample prepared. It is easily seen that predicted values of ANOVA are matching quite 

well with experimental results (values) for the fluid sample with a percentage error 

less than 5%. It, thus, has validated the authenticity of our experimental work. 
 

Table 7 Analysis of Variance table for on-state viscosity 

Source/Parameter DF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

A(Type of carrier fluid) * 1 2273.2 1.32% 2273.2 2273.2 74.76 0.013 

B(Size of Iron Particles ) 2 138 0.08% 138.1 69 2.27 0.306 

C (Iron Particle (vol %))* 2 168731 97.81% 77543.7 38771.8 1275.05 0.001 

D (Oleic acid (vol %)) 2 195 0.11% 59.2 29.6 0.97 0.507 

E (Tetra Methyl 

ammonium hydroxide (vol 

%)) 

2 106 0.06% 546.4 273.2 8.98 0.1 

A×B 2 32 0.02% 31.6 15.8 0.52 0.658 

A×C 2 694 0.40% 693.7 346.8 11.41 0.081 

A×E 2 288 0.17% 287.6 143.8 4.73 0.175 

Error 2 61 0.04% 60.8 30.4 
 

  

Total 17 172518 100.00% 
   

  

Std. Dev. = 5.51; R-Squared =0.9996; Mean = 431.17; Adj R-Squared = 0.997 

   * Significant term/parameter 

 

Table 8 Analysis of Variance (ANOVA) for response parameter (on-state viscosity) 

with main effects excluding interactions 

Source/Parameter DF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

A(Type of carrier fluid) * 1 2273 1.32% 2273 2273.2 16.94 0.003 

B(Size of Iron Particles ) 2 138 0.08% 138 69.0 0.51 0.616 

C (Iron Particle (vol %))* 2 168731 97.81% 168731 84365.7 628.60 0.000 

D (Oleic acid (vol %)) 2 195 0.11% 195 97.6 0.73 0.513 

E (Tetra Methyl 

ammonium hydroxide 

(vol %)) 

2 106 0.06% 106 53.2 0.40 0.685 

A×B - Pooled Pooled Pooled Pooled Pooled Pooled 

A×C - Pooled Pooled Pooled Pooled Pooled Pooled 

A×E - Pooled Pooled Pooled Pooled Pooled Pooled 

Error (Pooled) 8 1074 0.62% 1074 134.2   

Total 17 172518 100.00%     

Std. Dev. = 11.58; R-Squared =0.9938; Mean = 431.17; Adj R-Squared = 0.9868 
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Table 9 Experimental and predicted values 

 

Exp

t. 

Experimental 

Value 

Predicted 

Value 

95% confidence 

interval 

95% prediction 

interval 

1 321.51 328.253 308.341 348.165 294.933 361.572 

2 438.77 442.696 422.784 462.608 409.377 476.016 

3 567.99 558.429 538.517 578.342 525.110 591.749 

4 321.29 323.221 303.309 343.133 289.902 356.541 

5 434.07 431.951 412.039 451.863 398.632 465.271 

6 566.10 560.961 541.049 580.873 527.642 594.281 

7 439.27 446.249 426.337 466.162 412.930 479.569 

8 568.24 561.548 541.636 581.460 528.228 594.867 

9 324.41 328.341 308.429 348.253 295.022 361.661 

10 540.62 540.736 520.823 560.648 507.416 574.055 

11 305.14 306.461 286.548 326.373 273.141 339.780 

12 417.30 414.756 394.843 434.668 381.436 448.075 

13 398.61 408.792 388.880 428.704 375.473 442.112 

14 537.43 543.951 524.038 563.863 510.631 577.270 

15 307.34 295.964 276.052 315.876 262.644 329.283 

16 525.00 539.756 519.843 559.668 506.436 573.075 

17 302.95 300.401 280.488 320.313 267.081 333.720 

18 444.98 428.556 408.643 448.468 395.236 461.875 

 

7.0 OPTIMIZATION OF VISCOSITY FOR MR FLUID 

The objective of the present work is to develop a MR fluid having sufficiently high 

on-state viscosity. The concept of numerical optimization using response surface 

methodology is employed to obtain the optimal combination of input parameters that 

can provide us higher on-state viscosity for the MR fluid. For this, the numerical 

optimization module of design expert software is used. In order to optimize the on-

state viscosity of MR fluid, one assigns the goals for each input parameter as shown in 

Table 10. The upper limit and lower limits for each parameter is specified using the 

levels assigned for each parameter as shown in Table 1. The goal for the response 
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parameter i.e. viscosity is fixed to maximize itself within the minimum and maximum 

values as obtained from Table 9. The minimum and maximum values for viscosity are 

302.95 and 568.24 Pa-s respectively. After assigning different goals to various 

parameters, the optimal combination of input parameters that provide a high value of 

on-state viscosity for an MR fluid is determined. The various solutions showing 

different combinations of input parameters with their viscosity value can be seen in 

Table 11. From this table, an optimal combination of input parameters can be 

determined that gives a maximum value of viscosity. This optimal combination of 

input parameters is shown in Table 12. 

Table 10 Parameters with goals and limits for maximizing on-state viscosity of MR 

fluid 

Code and name of the input parameter Goal  Lower Limit Upper Limit 

A:Type of oil is in range Mineral Silicon 

B: Size of Iron Particles is in range Fe 500 mesh Fe300mesh 

C: Iron Particle (vol %)  is in range 22 32 

D: Oleic acid  

(vol %)  

is in range 0.5 0.7 

E: Tetra Methyl ammonium hydroxide  

(vol %) 

is in range 0.6 0.8 

Viscosity Maximize 302.95 568.24 

 

Table 11 Predictions for maximizing the on-state viscosity of MR fluid 

A (Type of 

Carrier fluid) 

B (Size of Iron 

Particles) 

C (Iron 

Particle  

(vol %)) 

D (Oleic 

acid  

(vol %)) 

E (Tetra 

methyl 

ammonium 

hydroxide 

 (vol %)) 

Viscosity Desirability 

Mineral oil Fe 300mesh 32 0.5 0.7 573.094 1 

Mineral oil Fe 500mesh 32 0.5 0.7 570.841 1 

Mineral oil Fe 300mesh 32 0.5 0.8 568.313 1 

Mineral oil Fe 300mesh 32 0.5 0.6 567.629 0.998 

Mineral oil Fe 300mesh 32 0.6 0.7 567.013 0.995 

Mineral oil Fe 400mesh 32 0.5 0.7 566.426 0.993 

Mineral oil Fe 500mesh 32 0.5 0.8 566.059 0.992 

Mineral oil Fe 300mesh 32 0.7 0.7 565.464 0.99 

Mineral oil Fe 500mesh 32 0.5 0.6 565.376 0.989 

Mineral oil Fe 500mesh 32 0.6 0.7 564.759 0.987 

Mineral oil Fe 500mesh 32 0.7 0.7 563.211 0.981 

Mineral oil Fe 300mesh 32 0.6 0.8 562.231 0.977 

Mineral oil Fe 400mesh 32 0.5 0.8 561.644 0.975 
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Mineral oil Fe 300mesh 32 0.6 0.6 561.548 0.975 

Mineral oil Fe 400mesh 32 0.5 0.6 560.961 0.973 

Mineral oil Fe 300mesh 32 0.7 0.8 560.683 0.972 

Mineral oil Fe 400mesh 32 0.6 0.7 560.344 0.97 

Mineral oil Fe 300mesh 32 0.7 0.6 559.999 0.969 

Mineral oil Fe 500mesh 32 0.6 0.8 559.978 0.969 

Mineral oil Fe 500mesh 32 0.6 0.6 559.294 0.966 

Mineral oil Fe 400mesh 32 0.7 0.7 558.796 0.964 

Mineral oil Fe 500mesh 32 0.7 0.8 558.429 0.963 

Mineral oil Fe 500mesh 32 0.7 0.6 557.746 0.96 

Mineral oil Fe 400mesh 32 0.6 0.8 555.563 0.952 

Mineral oil Fe 400mesh 32 0.6 0.6 554.879 0.95 

 

Table 12 Optimal combination of input parameters for maximizing the on-state 

viscosity of MR fluid 

Parameter code and name 
Optimal parameter 

setting 

A (Type of carrier fluid) Mineral 

B (Size of Iron Particles) Fe 300 mesh 

C (Iron Particle (vol %)) 32% 

D (Oleic acid (vol %)) 0.5% 

E (Tetra methyl ammonium 

hydroxide (vol %)) 
0.7% 

Viscosity  573.094 Pa-s 

 

 

8.0 EXPERIMENTAL CONFIRMATION OF RESULTS ON OPTIMIZED MR  

     FLUID SAMPLE 

In order to determine the value of yield stress using optimal combination of input 

parameters as outlined above, a sample MR fluid is prepared and experimentally 

tested to determine its on- state viscosity. The viscosity for the MR fluid sample came 

out as 569 Pa-s at a magnetic field of 1.45 Tesla. The experimental value of on- state 

viscosity (569 Pa-s) for optimized MR fluid sample is matching quite well with the 

value as calculated using Taguchi approach (573.094 Pa-s) with a percentage error of 

less than 1.0%. It, thus, has validated the experimental methodology adopted in this 

research and also the results obtained for on-state viscosity as a response parameter 

for a given MR fluid. 
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9.0 CONCLUSIONS 

The stiffness and consistency of MR fluid from liquid to solid state or vice versa 

occurs instantly on the application/removal of applied magnetic field. With increase in 

the magnitude of applied magnetic field, iron particles get aligned to form chains 

along the lines of stronger magnetic flux. Based on this research on MR fluids 

characteristics and formulation, it can be seen that the on-state viscosity of the MR 

fluids depends mainly on the volume fraction of the iron particles and type of carrier 

fluid used for the fluid formulation. An increase in volume of iron particles from 22 to 

32% results an increase in number of magnetic chains resulting in the increase in on-

state viscosity of the MR fluid. Through this work, it is recommended to use mineral 

oil rather than silicon oil to obtain higher viscosity values of the MR fluid. Based on 

this work, optimal combination of input parameters for maximizing the viscosity of 

MR fluid are found to be as mineral oil (volume percentage of 67%), iron powder 

(300 mesh size), iron powder (volume percentage of 32%), oleic acid (volume 

percentage of 0.5%) and tetra-methyl- ammonium-hydroxide (volume percentage of 

0.7%). This optimal combination of input parameters has given on-state viscosity of 

573.094 Pa-s. This high value of on-state viscosity can be used more effectively in 

formulation of higher capacity MR devices e.g. dampers, brakes etc which will also 

help the design engineer in preparation of MR fluid for a designated on-state 

viscosity. 
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